Abstract: During the course of our research into the use of cane by-products from sugar manufacturing, we have studied the isolation and structural determination of bioactive compounds present in sugarcane molasses. In this study, dehydrodiconiferylalcohol-9'-O-b-D-glucopyranoside (1) and isoorientin-7, 3'-Odimethyl ether (2) were isolated as antibacterial active compounds against cariogenic bacteria. Their structures were elucidated by 1 H-NMR, 13 C-NMR and ESI-MS. The activities of these isolated compounds against Streptococcus mutans and Streptococcus sobrinus were assessed by a minimum inhibitory concentration (MIC) test. The MICs of compounds 1 and 2 against both S. mutans and S. sobrinus were >4 mg/mL and 4 mg/mL, respectively.
INTRODUCTION
Sugarcane molasses is a by-product of sugar refining that is produced during the crystallization of sucrose from the cane juice, and it is generally used as an animal feed or a bio-mass resource for fermentation of ethanol, glutamate, lactic acid, and so on. Molasses also contains several phenolic compounds derived from sugarcane 1) , as well as a high concentration of sugar substances and minerals. Plant phenolic compounds have attracted a good deal of attention for their various activities and potential clinical uses. Many investigators have reported that sugarcane products have beneficial effects as functional foods. For example, Kimura et al. 2) have previously reported that a non-sugar fraction, derived from crude black sugar, inhibited the increase in serum triglyceride levels in rats fed a sugar diet. Moreover, Koga and Meydani 3) have reported the inhibitory effects of sugarcane extracts on liver injuries in mice. In addition, recently we reported the effects of a sugarcane product, Kokuto, on the development of experimental atherosclerosis in Japanese quail and apolipoprotein Edeficient mice 4) . Taken together, these results suggest that various compounds in sugarcane play important roles in food functionalities. Furthermore, in our previous work, we demonstrated that phenolic compounds in Kokuto and molasses possess strong antioxidative and tyrosinase inhibitory activities 1, [5] [6] [7] . To the best of our knowledge, however, bioactive compounds from sugarcane molassess have not been investigated in detail as yet. In this study, we have isolated and identified anticariogenic active compounds from sugarcane molasses, and have evaluated their antibacterial activities in comparison with those of wellknown antibacterial compounds. 
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UV spectroscopic data were obtained by an HPLC system equipped with a Shimadzu SPD-10MAvp photo-diode array detector.
1 H-and 13 C-NMR spectra were measured in MeOH-d 4 as the internal standard by a Jeol alpha-500 NMR spectrometer (500 MHz for 1 H and 125 MHz for 13 C). ESI-MS spectra were measured on an Agilent Esquire 3000 plus instrument.
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Oral streptococcal species were cultivated in BHI broth at 37 for 18 h in test tubes and then grown in an aerobic growth chamber. Aliquots of 1 mL of each culture were inoculated into 9.9 mL of fresh BHI broth in a 25-mL screw-cap vial. Samples dissolved in 50% MeOH solution at 0 -40 mg/mL were added to each vial. Each culture was continued at 37 for 24 h, and then the turbidities at various time points were measured at 550 nm.
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A microdilution assay was used to determine the MIC. Overnight cultures of bacteria were distributed in 25-mL aliquots into 96-well plates. A 25-mL aliquot of a serial dilution of the test sample solution in 50% MeOH and 220 mL of BHI broth were then added. Plates were incubated at 37 for 24 h in an aerobic growth chamber. The MIC was estimated as the lowest sample concentration that prevented an increase in the absorbance at 550 nm. Chlorhexidine, EGCG and rutin were used as positive controls in all experiments. MIC measurements were carried out in triplicate.
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Purification was guided by antimicrobial activities using S. mutans and S. sobrinus as test bacteria ( ). Sugarcane molasses (85 g) was suspended in water, and then centrifuged and filtrated. The resulting filtrate was passed through an Amberlite ® XAD-1180 column and eluted with water, 25% MeOH, 50% MeOH, and 100% MeOH. The 100% MeOH fraction was subjected to Toyopearl ® HW-40C column (2.0 80 cm), using 50% MeOH and 100% MeOH to give 140 fractions. Fractions 53-61 (Fr. 4, 0.07 g) were combined and then applied to a silica gel (Wakogel ® C-100) column (1.2 50 cm), using a mixed solvent of EtOAc-MeOH (10/0, 9/1, 8/2, 7/3, 5/5 and 0/10) to give 43 fractions. S. sobrinus ATCC 33478 were 0.36 mg/mL for fractions by XAD-1180 column chromatography, 0.18 mg/mL for fractions by Toyopearl HW-40C column chromatography, 0.091 mg/mL for silica gel column chromatography. The antibacterial activity of each fraction is denoted as follows: +++, antibacterial activity above 75%; ++, 74-50%; +, 49-25%; -, activity below 24%.
Antibacterial Activity of Sugarcane Molasses

RESULTS AND DISCUSSION
shows the scheme for isolating compounds from sugarcane molasses, as well as the results of the antimicrobial activities against S. mutans and S. sobrinus. These two bacteria are the major pathogenic microorganisms that cause dental caries in humans and experimental animals 8, 9) . Of the four fractions from Amberlite XAD-1180 column chromatography, the 100% MeOH fraction had the highest antimicrobial effect (34.6%) against S. sobrinus at a concentration of 0.36 mg/mL, whereas all four fractions showed only weak inhibitory activity against S. mutans at the same concentration. Guided by the antimicrobial activities of fractions from subsequent chromatography steps using S. mutans and S. sobrinus as test bacteria, compounds and were finally isolated from the 100% MeOH fraction. These two bioactive compounds were analyzed by ESI-MS, 1 H-and 13 C-NMR spectra, which identified them as dehydrodiconiferylalcohol-9'-O-b-D-glucopyranoside ( ) 6) and isoorientin-7, 3'-O-dimethyl ether ( ) 10) , respectively ( ), both of which have been previously reported as phenolic compounds found in sugarcane products.
The antibacterial activities of the isolated compounds were assessed by their MIC values in comparison with those of some commercially available antibacterial agents. As shown in , the MICs of compounds and against both S. mutans and S. sobrinus were >4 mg/mL and 4 mg/mL, respectively. The activities of compound against both test bacteria were the same as those of EGCG but weaker than those of rutin and chlorhexidine. The MIC value of EGCG in this study, however, was higher than the value of 0.8 mg/mL in the report by Yamamoto and Ogawa 11) . Osawa et al. 12) previously tested the antimicrobial activities of four groups of flavonoids against selected cariogenic oral streptococci. They reported that isoflavanones were the only group that showed potent growth-inhibitory activities, whereas flavones, isoflavones and flavanones were not effective. Contrary to their findings, the flavone glucoside of compound isolated from molasses in this study showed antimicrobial activities against both S. mutans and S. sobrinus. Structurally, the flavone compound that we identified was different from those tested by Osawa et al. 12) Therefore, this structural difference may contribute to the observed antimicrobial activities. In another report 13) , the antimicrobial activity of lignan was lower than that of flavonoids, although macelignan isolated from nutmeg (Myristica fragrans) showed strong anticariogenic activity. Compound showed lower activities than the flavonoids listed in . In addition, it is known that flavonoid aglycones such as quercetin, myricetin and kaempferol are effective glucosyltransferase (GTF) inhibitors 14) . GTF plays an important role in the development of dental caries. S. mutans synthesizes extracellular glucans from sucrose using GTFs [15] [16] [17] . Therefore, the antibacterial active compounds isolated and identified in this study, in addition to other phenolic compounds in molasses, are also expected to be GTF inhibitors. Indeed, the 100% MeOH fraction from Amberlite XAD-1180 column chromatography ( ) showed GTF inhibitory activity (data not shown). In further studies, we will continue to investigate antimicrobial mechanisms in detail by the isolation and identification of various phenolic compounds from sugarcane molasses.
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